INTRODUCTION
In recent years, the use of globular proteins has facilitated the understanding of molecular aspects of immune recognition and genetic control of immune responses in mammals (Sercarz and Berzofksy, 1987; Smith-Gill and Sercarz, 1989) . Proteins for identifying the critical contact points of the peptide antigen with the major histocompatibility complex (MHC) molecule and the T-cell receptor (Heber-Katz et al., 1983) . Along these lines, we have conducted studies to further elucidate the mechanisms of immunity of a phylogenetically lower ectothermic vertebrate, the channel catfish (Ictalurus punctatus). We have previously reported (Vallejo et al., 1990b) that the generation of secondary in vitro immune responses to complex thymus-dependent antigens in channel catfish requires steps akin to antigen processing and presentation in mammals (Pernis et al., 1988; Schook and Tew, 1988) . The present work now extends these observations to in vitro immune responses to well-characterized protein antigens. Furthermore, the development of long-term catfish rnonocyte lines (Vallejo et al., 1990a) has facilitated studies on the identification of the responding lymphocyte populations, putative immune restriction, and presentation of peptide fragments by fixed antigen-presenting cells (APC). 138 VALLEJO et al.
RESULTS
(i.e., T-cell-enriched) incubated with anticatfish pan T/thrombocyte (mAb 13C10) were not effective APC Channel Catfish Exhibit Secondary In Vitro Immune in eliciting proliferative responses. However, it Responses toStructurallyDefinedProteins should be noted that cultures stimulated with antigen-pulsed sIg-cells (T-cell-enriched) showed We have previously reported that catfish can 3H-thymidine uptake significantly higher than either immunologically discriminate between two species the unstimulated controls or PBL cocultured with variants of a complex thymus-dependent antigen, unpulsed/fixed APC. As in the previous experihemocyanin (Vallejo et al., 1990b) . In order to deter-ments, APC fixed prior to antigen pulsing did not mine whether or not the same specificity occurs with simpler well-characterized proteins, groups of stimulate autologous responders. five fish were immunized with pigeon heart cytochrome C (pCytC), hen egg lysozyme (HEL) and Long-Term Catfish Monocyte Lines Are Effective horse muscle myoglobin (EqMb). When peripheral APC blood leukocytes (PBL) from these fish were cul-We have previously described the development of tured in the presence of soluble antigen, vigorous long-term monocyte lines from channel catfish antigen-specific in vitro proliferation was observed (Vallejo et al., 1990a) . In the present work, such cell only with immune PBL stimulated with homologous lines were used as APC. Since the fish serving as but not heterologous antigen (as depicted for a sources of these cell lines were still .alive, it was representative fish from each group in Fig. 1 ). possible to determine the APC function of these Similarly, specific antibodies produced in vitro were lines with autologous responder PBL. Results indidetected (Fig.  3) . However, the use of autologous cell lines pulsed with heterologous antigen stimulated neither proliferation nor antibody production by autologous responders (data not shown). Similarly, as in As previously reported (Vallejo et al., 1990b) Fig. 4 for a representamulated with soluble EqMb plus unpulsed APC tive fish), the fixed allogeneic cell line elicited (Fig. 2) (Gosselin et al., 1988; .Pierce et al., 1988; Schook and Tew, 1988; Vallejo et al., 1990a Vallejo et al., , 1990b (Cambier et al., 1987; (13C10) is not yet functionally defined (Miller et al., 1987 (Vallejo et al., 1990b) , is more plausible and perhaps+ more appealing. Although MHC (or MHC-like) molecules have yet to be described for fish, previous studies showed that fish T cells can elicit weak MLR (Miller et al., 1986) (Berzofsky, 1988 This work also demonstrates the utility of long-to amphibians (Fu et al., 1978; Crepaldi et al., 1986 ; term fish cell lines in studying accessory cell func-Flajnik et al., 1990; Kroemer et al., 1990) and thus tions. A previous study (Vallejo et al., 1990a) (Pernis et al., 1988; Schook and Tew, 1988) . but rather with the processed antigen in the context Fish APC appear to take up and degrade antigen of "self" MHC (Buus et al., 1987 (Shastri et al., 1985; Berzofsky, 1988; Kojima et al., 1988) and it is most likely that the same is true for catfish. The finding that peptide 66-104 is immunogenic suggests that there might be a cluster of epitopes within this region and that peptides 66-80 and 81-104 represent two of them in addition to peptide 1-80. Parenthetically, in mice, it is peptide 81-104 that is considered immunodominant (Collawn et al., 1989) . The inhibitory effect of peptide 1-65 for catfish responses is unexplained and whether or not heme, a large proportion of which co-elutes with this peptide, has a role can only be speculated. Clearly, studies are needed to determine the clonotypic specificities of catfish T and B cells with respect to pCytC as well as the minimal stimulatory ("coren) epitope within peptide 66-80 and/or 81-104. 
MATERIALS AND METHODS

Experimental Animals
The acquisition, laboratory maintenance, and immunization of channel catfish have been previously described (Faulman et al., 1983; Miller and Clem, 1984; Vallejo et al., 1990b (Miller and Clem, 1988) . Isolation of monocytes by adherence to fibronectin-coated plates and panning protocols for the positive selection of catfish T and B cells were also carried out as previously described (Sizemore et al., 1984; Vallejo et al., 1990b (Miller et al., 1987) (Vallejo et al., 1990a) .
Antigen Processing/Presentation Assay Protocols for antigen pulsing of APC were described previously (Vallejo et al., 1990b) . In this study, however, APC were incubated with the native antigen (i.e., 500 g/107 cells/ml) for 5 to 8 h at 27C, the optimum time based on initial assays. Cells were subsequently washed and fixed with 0.5% paraformaldehyde for 15-30min at room temperature. Antigen-pulsed/fixed APC were extensively washed, allowed to incubate in fresh medium for I h at room temperature, and then given a final wash before coculturing with responder cells. Antigen pulsing in the presence of inhibitors at the indicated maximum nontoxic concentration was also carried out as described previously.
In assays involving the pCytC peptides, long-term monocyte lines were used as APC. Approximately 100/zg of the peptide were added to 10 paraformaldehyde-fixed cells and incubated at 4C with gentle agitation for 18 to 24h. The cells were washed and cultured with autologous responders.
Responders in all assays were either whole PBL or monocyte-depleted PBL, except where negatively selected slg-(T-cell-enriched) or B (slg/) cells were used as indicated. Depletion of blood monocytes was carried out by incubating PBL in a P-6 column (EconoPac 10DG, BioRad, Richmond, CA) for I h at 27C and then eluting the nonadherent cells (Vallejo et al., 1990b) . Negative selection of T and B cells using mAb-magnetic beads was as described before.
Triplicate cultures of 106 cells were stimulated with soluble antigen at the indicated concentrations or witti antigen-pulsed/fixed autologous or allogeneic APC (approximately 5 x105). The culture system for catfish cells has been described elsewhere (Miller and Clem, 1988) . Assays for 3H-thymidine uptake after 6 days and in vitro antibody response by enzyme-linked immunoabsorbent assay (ELISA) after day 8 in culture were carried out as previously described (Vallejo et al., 1990b I mg/ml aprotinin; I mM PMSF; 5 mM EDTA. The cell-associated radioactivity was determined by liquid scintillation spectrometry using a nontoluene. fluor (EcoScint A, National Diagnostics, Manville, NJ) and degradation was assessed by SDS-urea-PAGE (Burr and Burr, 1983) .
